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FOREWORD

Technological advances have led to increased speed, mobility, and
destructive power of military operations. So that coninanders can make
tactical decisions consistent with the rapid change and succession of
events, information on military operations must be processed and used
more effectively than ever before. To meet this need, the Army is de-
veloping automated systems for receipt, processing, storage, retrieval,

• and display of vast amounts and different types of military data. There
is a concomitant requirement for research to determine how human abili-
ties can be used to insure that command information processing systems
function with maximum effectiveness.

Manned systems research in this area done by the U.S. Army Research
Institute CARl) is directed toward enhancement of human performance and
improvement of man-machine interaction in relation to total system ef-
fectiveness. The research involves experimentation with various con—
figurations of system components, considering interactions and tradeoffs.
The end products--immediate or ultimate--are scientific findings on
human capabilities under varying conditions within the system. These
findings have implications for system design, development, and opera-
tional use. This publication describes the evaluation of the relative
ease of learning two message reference code sets used in inputting,
editing, and obtaining displays of information within the context of
a computer—assisted tactical operations system.

The entire research effort is responsive to requirements of Army
Project 2Q062 106A723 , ‘Enhancement of Performance in Military Organiza—
tions,” Fiscal Year D74 Work Program , and to special requirements of
the Assistant Chief of Staff for Force Development, the Combined Arms
Center of the U.S. Army Training and Doctrine Command , and the U.S.
Army Tactical Data Systems Project.

• 
-

Te nical Director



EASE OF LEARNING ALTERNATIVE TOS MESSAGE REFERENCE CODES

BRIEF

Requirement :

To evaluate the relative ease or difficulty of learning two alter-
native message reference codes used during inserting, editing, and ex-
tracting information from an Army tactical system.

Procedure:

Forty officers representative of potential G2 and G3 action officers
and 20 enlisted personnel representative of potential TOS input-output
device operators were given 2 minutes to examine tabular information
on describing the message titles and action in association with a message
reference code consisting of either two letters and a number (LL#) or
four letters (LLLL). Then, seated at a computer terminal with an input
keyboard and a cathode ray tube (CRT) display device, the soldiers in-
dividually typed and transmitted message reference codes in response to
displays of message titles and action names. They had to learn a list
of G2 messages or G3 messages. On the first pass through the list,
titles were displayed in an orderly sequence. On subsequent passes,
titles were in random order. Subjects had to make an error—free pass
before they were considered to have met the criterion of learning and
were considered finished.

Findings:

The error rate associated with learning the LLLL codes was less
than half that associated with learning the LL# codes (13% versus 29%
errors for enlisted personnel working on the G2 list; 11% versus 21%
for officers working on the G2 list; and 7% versus 15% for officers
working on the G3 list). Time required to meet the learning criterion
for those learning the LLLL codes was about 60% of that required to
learn the LL# codes. Analysis of errors by character position revealed
that the old code’s numeric character and arbitrary second letter were
important sources of error.

• F
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Utilization of Findings:

A version of the new LLLL code has now been specified/incorporated
into the Tactical Operations System , Operable Segment (TOS2) computer
system as the result of having been jointly recommended for such incor-
poration by members of a TOS2 working group that included the senior
author as a participant. The findings support the previous hypothesis
that the LLLL code would be easier to learn than the LL# code used by

• Development Tactical Operating System (DEVTOS) personnel. 
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EASE OF LEARNING ALTERNATIVE TOS MESSAGE REFERENCE CODES

INTRODUCTION

Designers, developers, analysts, and researchers of Army tactical
data systems continue to seek software, display , and procedural means
of facilitating the task of translating free-text message information
into computer-acceptable input. This report is closely related to pre-
vious Army Research Institute CARl) publications1’2 and is part of a
long—term concern with problems of information presentation , processing ,
and utilization in Command and Control Systems.

A specific requirement for the research reported here was first
stated in early 1972. Anticipating the replacement of the Development
Tactical Operating System (DEVTOS) by the TOS—operable Segment (TOS2),
the Combat Developments Command (cDC) directed the formation of an ad
hoc committee to (a) recommend revisions of TOS2 formats, incorporating
DEVTOS and (MASSTER) experience where applicable; and (b) evaluate such
revisions using subjective analysis and DEVTOS testing .

Representatives of CDC , Modern Army Selected System Test, Evaluation ,
and Review (MASSTER), Computer Systems Command (CSC) , Project Manager ,
Army Tactical Data Systems (PM ARTADS) , and ARI (then BESRL) formed the
committee. Their work produced four recommendations :

1. Consolidation of message formats,

2. Use of variable field data entry,

3. Map reference coordinate “packing , ” and

4. Use of a new message reference code system .

A very limited try-out of all these revisions on the DEVTOS facility
produced encouraging results. However , it was clear that more testing
was needed to assess separately the influence of each change on TOS
operators’ performance , to determine if each change facilitated the

• interaction of the operator with the semiautomated information system.

• 
:L
Baker J. D., Mace , D. J., and McKendry, J. M. The Transform Operation
in TOS: Assessment of the Human Component. API Technical Research
Note 212 , August 1969.

2
Strub, M. H. Evaluation of Man-computer Input Techniques for Military

Information Systems . ARI Technical Research Note 226 , May 1971. (NTIS
No. AD 730 315)

1
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The recommended message reference code set uses four alphabetic
characters for each member of the code set. In most cases, these char-
acters comprise “acronyms” of the message titles and action names. The
DEVTOS code set , by contrast , uses two alphabetic characters to repre-
sent the message title and one numeric character to represent the action
name. The TOS~ system managers have replaced their DEVTOS-like letter-
letter-number (LL#) code set with the four—letter (LLLL) code set recom-
mended by the TOS2 Format Revision Committee. This report compares the
“learnability ” of the two code sets.

METHOD

Subjects

The test subjects were 20 enlisted personnel and 40 officers from
MASSTER who successfully learned one of four message reference code
sets.3 A requirement for the enlisted men was that they have an Armed
Forces Qualification Test General Technical (GT) score of 90 or higher;
such enlisted men presumably would be more representative of those who

• might function as TOS2 MIO 1~ (message input-output device) operators than
would a random sample of Fort Hood enlisted men . A requirement for all
subjects was that they must not have had prior experience in using the
DEVTOS message reference codes. Officer grades ranged from 01 to 05;
enlisted grades ranged from E2 to E7.

The enlisted personnel were randomly assigned to learning one of
the two G2 message reference code sets. Officers were randomly assigned
to learning one of these two G2 code sets or to one of the two G3 mes-
sage reference code sets.

Equipment and Workspace

All subjects accomplished their learning task, one at a time , at
the same computer terminal . The terminal equipment includes a flazeltine
2000 cathode ray tube (CRT) and a separate keyboard input device. A
third component, a hard-copy output device , was not used. The equipment
was situated on a table in a large, well-lighted room . The keyboard was
located immediately in front of the CRT, and either item could be moved
to suit the comfort of the subject seated in front of them.

3The learning performance data of an additional six officers and nine
enlisted personnel was incomplete and , hence, not usable. In nine of
these cases malfunctions of some component of the terminal/computer dis-
rupted and/or terminated operations. In three cases the subject did not
cooperate properly, and in another three cases the subject was called
away on higher priority business.

2
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The computer terminal was linked to an IBM 370 computer system4 3t
Central Texas College, Killeen, Tex. A computer program presented the
message format titles and appropriate feedback displays, and recorded/
compiled data regarding response times and errors. Listings of these
recorded performance measures were subsequently used in performing statis-
tical analyses of the performance data.

Procedure

Instructions to Subjects. Each participant, on arrival , was greeted,
offered coffee , and seated at a chair facing the CRT. The experimenter
or an assistant sat with the participant to demonstrate keyboard usage
and control the duration of exposure. The subject of tabular informa-
tion regarding the message titles was displayed , along with action names
and their associated title codes and action codes, which jointly corn-
prise the message reference code. For uniformity of presentation, in-
structions were read to each subject. Some procedural variation was
introduced when subjects asked questions regarding procedures or pur-
poses; they received answers that others did not. Performance variation
due to differences among the presenters of instructions, if any occurred,
is likewise co—mingled with the effects of the main independent varia-
bles: type of code, G2 versus G3 list, and rank of learner .

The instructions and the four sets of three tables describing each
of the four code sets are presented in Appendix A.

In addition to describing keyboard usage , CRT display content, and
timing relationships, the instructions indicated that subjects were to
continue at the task until they made a “perfect pass ,” tha t is , the sub-
ject must have gone through the entire list of either 26 G2 message for-
mat titles or 57 G3 titles with no errors . The orderly arrangement of
titles during the first pass through the list and the random ordering
of the items on subsequent passes were described . Each subject was told
the purpose of the experiment.

As the subject began working , the experimenter stayed beside him to
detect any misunderstanding the subject might have concerning how to re-
spond. When the experimenter judged that these procedural difficulties ,
if any , were resolved , he moved across the room out of the subject ’s
vision.

Display Characteristics. A given message title, a hyphen , and the
name of an action were initially displayed in capital letters on the

• bottom line (of 15 lines total) of the CR’I This stimulus display then
appeared rolled upward to the 11th line. The subject’s answer (the

4Consnercial designations are given only in the in terest of precision
of reporting. Their use does not constitute endorsement by the U.S.
Army Research Institute or the U.S. Army .

3
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attempt at providing the message reference code) appeared on the 12th
line as the subject pressed the keys to enter an answer. When the sub-
ject pressed the “ESC” key to transmit a code—answer to the computer,
the display characters shifted up two lines, and a feedback display ap-
peared on the empty 11th line. If the answer (e.g., UL3) was correct,
the feedback display would read as follows:

UL3 IS CORRECT

If UL3 was wrong and the subject should have answered UL2, the feedback
display would read thus:

*ERROR*
UL2 IS CORRECT

The *EP~ROR* appeared first on line 11; all displayed characters were
shifted up a line; then UL2 IS CORRECT was displayed on the now-vacant
11th line.

This technique of shifting or rolling displayed lines upward was
used so that the subject could anticipate coming events. Inserted five
lines before each title display was this instruction :

ENTER ANSWER , THEN PRESS “ESC ” TO CONTINUE

The separations among displayed lines were arranged so that when a new
title rolled up to line 11, the feedback display for the previous title
disappeared at the top of the CRT. The following two display lines ap-
peared at the end of a pass through the list of titles wherein one or
more incorrect answers had been given:

YOU HAVE COMPLETED PASS
YOU ARE REQUIRED TO CONTINUE

When the subject met the criterion of learning by making a perfect pass,
these two display lines appeared:

YOU HAVE COMPLETED PASS
YOU HAVE FINISHED

Experimental Variables

Independent Variables. Three independent variables were used in
this experiment; the one called ‘code type” or “type of code” is of pri-
mary interest. One of the two types of codes used consists of two al-
phabetic characters followed by a digit, i.e., the old DEVTOS LL# code.
The two letters represent the title of a message category , and the digit

1 

•
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represents the type of action the user desires to take with respect to
that category. Note, however, that in this experiment, message formats
were not displayed--only the names/titles of the message categories and
associated permissible actions .

The second type of code used is a four—letter code. The first three
letters represent the title of a message category , and the fourth letter
represents the type of action desired.

The “rules” or schemes by which the two code sets are generated are
different. It is judged that the rules regarding the new four-letter
code are simpler to state (see Tables 1 and 2), partly because there are
fewer exceptions. An individual learning the new LLLL codes is typically
forming acronyms by using the first letter of each word. Most of the
difficulty in learning the LLLL codes should arise when the message cate-
gory title contains other than three words. In the old LL4$ code, the
first letter sorts between friendly , enemy , and “common” message cate-
gories, with an exception included (“F” for aircraft-related message
categories). The second letter is arbitrarily assigned to the messages
within each of the friendly or enemy categories, but it is always an “A”
for the common messages. For the action code, the numbers 1 through 6
are used for the six permitted actions, but exceptions arise with the
common messages where 0, 8, and 9 replace the 1, 3, and 4 to enable the
computer program to discriminate among actions. The preceding descrip-
tion of the rules by which the two code Sets are generated is incomplete,
but it helps to show why the four-letter code was recommended for incor-
poration in the TOS2 system and why it was predicted that learning the
four—letter code would be easier than learning the LL# code.

A second independent variable sorts learners into two categories :
officers and enlisted men . Both may be employed in roles wherein , among
component tasks , they must use the message reference code.

Subjects learned either the codes for the G2 message , plus action
terms, or the codes for the G3 terms ; thus G2 versus G3 becomes the
third independent variable whose effects on performance can be assessed.
This assessment can be made only for the officers, however , as the avail-
able number of enlisted men did not allow assigning them to the G3 code
learning task .

Dependent Variables. The percentage of message reference codes
input with one or more characters in error (or not supplied) is judged
to be the most pertinent measure of learning performance (dependent var-
iable) in this experiment. Another dependent variable is the number of
passes through the code list that each learner made in reaching the
success criterion of a perfect (error-free) pass. This measure counts
a pass with one error the same as a pass with many errors and therefore

• is a less sensitive measure of performance than the error rate measure
mentioned above; however, the two measures should be positively
correlated.

5
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Table 1

Message Titles with Old (LL#) and New (LLLL) Codes

Message title code
G2 message titles Old New

Enemy Unit Status EA EUS
Enemy Situation Data EC ESD
(Enemy) Intelligence Summary ED EIN
(Enemy) Intelligence Working File EE EWE
Enemy Situation Data Base Index EG EDX
Relaya REL
Named Area of Interesta 

a 
NAI

Standing Request for Information File AA SRI

03 message titles

Task Organization UA UTO
Task Force UB UTF
Tactical Dispositions UD UTD
Unit Disposition , One Coordinate UE UDC
Unit Disposition, One Unit UP UDU
Unit Disposition , General UG UDO
Air Control Measure UH ACM
Operations Journal UL UOJ
Situation Report UN USI
Pending Change UN UPC

• Spot Report US USR
Aircraft Available FA AAV

aThese messages are also used for G3 functions and were displayed as
03 message titles as well.

6
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Table 2

Action Names with Old and New Codes

Action code
Action name olda New

Add 1 A
Change 2 C
Delete 3 D
Query 4 Q
Special processing 5 P
Establish standing request for information 6 S

these special cases :

1. Use an action code of 0 to add a Relay message.
2. Use an action code of 8 to delete an “SRI File” message .
3. Use an action code of 9 to query the “SRI File. ’

Instructions to the subjects did not suggest that they emphasize
speed of response. Explicit emphasis such as “Be accurate, not fast”
was not given. However , the weight of the instructions is thought to
favor accuracy and to ignore speed . At any rate, the dependent variable
of time to input a message reference code was computed for each learner,
averaged over the 26 or 57 code inputs for each pass , and over all passes.

Supplementary analyses of error rates were made for the action code
alone (last character), for the message title code (first two or first
three characters) , and for each character position. This was done to
determine if the arbitrariness in the second letter ’s assignment and
the exceptions in the action code (previously pointed out regarding the
LL# code) inflated the error rates in comparison to corresponding error
rate scores for the four-letter code.

RESULTS AND DISCUSSION

Effects of Type of Code

LLLL codes were clearly superior to LL# codes in that subjects
learned the LLLL codes in fewer passes and with a lower rate of errors.
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Number of Passes to Criterion. Subjects learning the LLLL code
achieved the goal of successful code learning in fewer passes , on the
average , than did subjects learning the LL# code (see Table 3). This
result was obtained for enlisted personnel (5.2 versus 9.2 passes) and
for officers (3.8 versus 6.8 passes) working on the G2 message reference
codes and again for the officers (2.9 versus 4.7 passes) working on the
G3 message reference codes. Among these three comparisons of LLLL ver-
sus LL#, there is a strong consistency of relationship; i.e., the mean
number of passes needed to learn the LLLL code is, respectively, 57%,
56%, and 62% of the number of passes needed to learn the LL# code.
Number of passes is, of course, higher correlated with total time to
learn.

Statistical analysis of these results indicates that the differences
favoring learning of the four-letter code are statistically significant
for each of the three comparisons (p < .01; p < .01; p < .05 respectively)
noted above. Analysis of variance tables relating to these and other
dependent variables are presented in Appendix B.

Percentage of Errors. The mean percentage of errors (responses
containing at least one error) made by each of the six groups of sub-
jects is shown in Table 3 and Figure 1. Those learning the four—letter
message reference codes had smaller percentages of errors than did those
learning the LL# codes. As with number of passes, this result was ob-
tained for the two groups of enlisted personnel (13.2% versus 29.1%) and
the two groups of officers (10.6% versus 21.4%) working on the G2 message
reference codes, and also for the two groups of officers (6.5% versus
15.1%) who learned the G3 message reference codes. All three differences
are statistically significant (p < .01 in each case). The error rates
associated with the LLLL codes are 45%, 50%, and 43% of the size of the
error rates associated with the learning of the LL# codes for the three
comparisons , respectively . The consistency of these error rate relation-
ships (45% and 50%) for the enlisted men and officers working with the
G2 message titles is reflected in the analysis finding of a nonsignifi-
cant and very small interaction of learner ’s rank with type of code.

Time To Input a Message Reference Code. Results for this dependent
variable are shown in Table 3. The mean time to input a message refer-
ence code (averaged across inputs for a given learner, and then averaged
across learners within a group) was not sign ificantly nor practically
influenced by code type : i.e., LLLL code versus LL$ code. This result
appears to be consistent with the lack of emphasis on inputting code re-
sponses quickly. Recall also that subjects had 20 seconds to input each
code response; this was 13 to 14 seconds more than the average time
taken . No one complained that this length of time was a source of pres-
sure , irritation , or other concern ; neither did the monitors judge it to

• be such.
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Table 3

Error Rate, Passes, and Code Input Time

No. of Code No. of Mean % Mean no. of Mean input
Rank List items type subjects errors passes time (sec.)

EM G2 26 LL# 10 29.1 9.2 6.50
EM G2 26 LLLL 13 13.2 5.2 6.44

OFF G2 26 LL# 10 21.4 6.8 6.28
OFF G2 26 LLLL 10 10.5 3.8 6.53

0FF 03 57 LL# 9 15.1 4.7 5.64
OFF G3 57 LLLL 8 6.5 2.9 5.54

Note. Errors refers to codes input with at least one character incor-
rectly supplied or not supplied .

Officer-Enlisted Personnel Differences

The median GT score for the enlisted personnel participating in
this experiment was 124. Despite their high GT score , the enlisted
personnel took more passes in learning the LL# codes (9.2 versus 6.8
passes) and in learning the LLLL codes (5.2 versus 3.8 passes) than
did the officers. Analysis of variance of the 2 x 2 factorial design
(2 ranks x 2 code types on G2 messages) indicated that the overall dif-
ference between the two groups ’ performances was statistically signifi-
cant (.01 < p < .05).

In terms of mean percentage of errors made while learning the G2
message reference codes , EM had a higher error rate in learning the
LL# codes (29.1% versus 21.4%) and in learning the LLLL codes (.~.3.2%
versus 10.6%) than did the officers. The EM—officer overall error rate
comparison (21.14% versus 16.0%) was associated with a probability of
.053 , which just barely fails to meet the null hypothesis rejection
level of .05.

Given either a larger sample size and/or a lower distribution of
EM ’s GT scores , these error rate differences would probably have been
significant at the .05 level. Also, the gap between officer and EM
error rates is greater for the more difficult LL# codes than for the
LLLL codes. If LLLL message reference codes do close the gap between

• officer and EM performance, this might be exploited beneficially in
future TOS operations .
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Observed differences between officers and enlisted personnel for
mean time to input a message reference code averaged only .1 and .2
seconds for the two comparisons. These differences were far from being
statistically or practically significant .

G2 Versus G3 Differences

Subjects learned message reference codes related to G3 operations
in fewer passes than they learned the 02 codes . For the LL# type of
code , the comparison is 4.7 passes versus 6.8 passes. For the LLLL
codes, those applying to G3 were learned in 2.9 passes , on the average ,
versus 3.8 passes for the 02 list.

Error rate data also favored the learning of codes related to G3
operations over codes related to G2 operations . The overall comparison
is 10.8% errors on the G3 lists versus 16.0% errors on the G2 lists.
This d i f fe rence  is statistically s ignif icant  (p < .01) . For the LL#
codes , of f icers  working on the 03 list made 15.1% errors compared to
21.4% errors for the of f icers  working on the G2 l i s t .  For the LLLL
codes , there were 10.8% G3 errors versus 16.0% G2 errors .

Overall , the mean time to input a code while learning was 0.87
seconds faster for the G3 list of codes (5 .60  seconds) than for the G2
list (6 .47 seconds) . The probability of obtaining a time d i f fe rence
this large or larger by chance , under the hypothesis of no d i f fe rence ,
fa l ls  short (p = .08 ) of the rejection level of .05. If reliable , the
smaller mean time to input a G3 message reference code may be attributed
to the fact that the G3 list has a larger number and proportion of mes-
sage titles that could be responded to correctly ; hence, the overal l
mean time to input a message reference code is shorter.

Errors by Charac ter Pos ition

To gain a better understanding of the sources of error and diffi-
cul ty in learning the LL# and LLLL codes , an analysis of errors by char-
acter position was made for each officer within each of the four combina-
tions of l ist  type (02 and 03) and code type . The results of this

• analysis are presented in Appendix C. (The actual individual performance
data are shown in Appendix D.)

Alternative Message Reference Code Schemes

As noted , subjects learned the LLLL code with abou t half  the error
percentage associated with learning the LL# code . However , the analysis
of errors by character position (Appendix C) revealed that seven of the
new code’s characters were associated wi th excessively h igh error rates
in th~ learn ing  situation used in the experiment . Thus , it seems

11
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possible to further reduce error rates in learning and using message
reference codes. Four alternative approaches to achieving this addi-
tional error reduction are described and discussed in the paragraphs
that follow .

Approach A: Partial Revision. If only those message titles, ac-
tion names , and code characters associated with excessively high error
rates (10% or more) were revised , a substantial further reduction in
error rates in learning the message reference codes could be expected .
Table 4 shows the message reference titles ( split into message titles
and action names) and code characters for both G2 and G3 operations.
An asterisk indicates that a revision has been made . Note that the
message titles do not all contain exactly three words . Consequently
the three—character code associated with the message t i t les cannot be
completely acronymic. This means that the procedure by which the code
has been generated cannot be explained to a potential learner with a
fa i r ly  simple, easy—to—remember statement . However , approaches B , C ,
and D all have the advantage of being easy to explain to a learner.

Approach B: Three-Word Message Titles, Three-Letter Acronyms.
In this approach , all message titles are forced to have exactly three
words so tha t the f i r s t  letter of each word (in the message title) can
be used to form an acronym . This, in turn , permits using a sentence
such as the following to describe to a learner how to determine the
code for any message title plus action name combination : “The message
reference code consists of the f i r s t  letter of each word in the message
title followed by the f i rs t  letter of the f i rs t  word in the action name . ’
Table 5 displays the message reference titles and codes in the same
format as Table 4. The use of this approach raises this question--
Does the availability of the exact three—letter acronym “rul e” compensate
for the many changes in the message titles that are involved?

Approach C: Variable-Length Acronymic Code. This approach re-
quires presumably minor computer program revision so that the action
officer  may input message reference codes of 2, 3, or 4 characters ac-
cording to the presence in the message titles of 1, 2, or 3 words.
(The action code adds the addi tional character , of course.) The explana-
tion given a learner of this message reference code could be as follows :
“The code consists of the f i r s t  letter of each word in the message title ,
then the f i r s t  letter of the f i rs t  word of the action name . ”

Implementation of this code requires message t~.tles to consist of
three words or less with no ambiguities ; e.g., two titles generating •

the same code . Table 6 displays the message titles, action names , and
code letters involved in this variable—length , acronymic code .

This approach involves changes to 8 message titles , compared to
16 title changes for approach B .

12 
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Table 4

A Partial Revision of the LLLL Code and Ti tles

• Message title Code letters

Task Organization UTO
Task Force UTF
Tactical Dispositions UTD
Unit Disposition, One Coordinate UDC
Unit Disposition , One Unit UDU
Unit Disposition , General UDG
Air Control Measure ACM

• Operations Journal UOJ
SITREP* SIT*

• Pending Change UPC
Spot Report USR
Aircraft Available U1~A~’
Common Relay Mes sage* cr&~
Named Area of Interest NAI
Standing Request for Inforrnation * SRI

Enemy Unit Status EUS
Enemy Situation Data ESD
(Enemy) Intelligence Summary EIS*
Intelligence Work File* IWF*
Situation Data Index* SDI*

Action name Code letter

Add A
• Change C

Delete D
Query Q
Special Processing S*
Establish Standing Request for Information E*

*Changed from current  version .

13
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Table 5

Three-Word Message Titles with Three—Letter
Acronymic Codes

Message title Code letters

Unit Task Organiza tion * UTO
Unit Task Force* UTF
Unit Tactical Dispositions* UTD
Unit Disposition , Coordinate* UDC
Unit Disposition , Unit* UDU
Unit Disposition , General UDG
Air Control Measure ACM
Unit  Operations JOurnal* UOJ
Tactical Situation Report* TSR*
Unit  Pending Change * UPC
Unit Spot Report* USR*
Friendly Aircraf t Available * FAA *
Common Relay Message * CRM *
Named Interest Area * NIA*
Standing Information Request* SIR*

Enemy Unit Status EUS
Enemy Situation Data ESD
Enemy Intelligence Summary * EIS*
Intelligence Work File* IWF*
Situation Data Index * SDi~’

Action name Code letter

Add A
Change C
Delete D
Query Q
Special Processing S~
Establish Standing Information Request* E*

*Changed from current version .

14
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Table 6

Message Titles, Action Names, and Code Letters
Required by a Variable Length Acronymic- Ôode

Message title Code letter(s)

Task Organization TO*
Task Force TF*
Tactical Dispositions TD*
Unit Disposition , Coordinate* UDC
Unit Disposition, Unit* UDU
Uni t Disposi tion , General UDG
Air Control Measure ACM

• Operations Journal OJ~
SITREP* S~
Pending Change PC~
Spot Report SR*
Aircraf t Ava ilable AA*
Relay R*
Named Interest Area* NIA*
Standing Information Request* SIR*

Enemy Unit  Status EUS
Enemy Si tua tion Data ESD
In telligence Summary * IS*
or INTSLJM* 1*
Intelligence Work File* IWF*
Situation Data Index * SDI*

Action name Code letter

Add A
Change C
Delete D
Query Q
Special Processing S~
Establish Standing Information Request* E*

*Changed from current version.
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Approach D: A Three-Letter Code Based on First and Last Words of
Message Title.  Approach D could be explained with a statement such as
“The code consists of the first two letter3 of the first word of the
message title , plus the first letter of the last word , followed by the
first letter of the first word of the action name.” This approach does
not employ an exac t acronym , although the code letters form a partial
or incomplete acronym . (Webster ’s Seventh New Collegiate Dic tionary
defines acronym as “a word (as radar , snafu) formed from the initial
letter or letters of each of the successive parts or major parts of a
compound term.”) This approach requires the change of only one message
title. Table 7 displays the message titles , action names , and code
letters involved in this three-letter , incomplete acronymic code.

Which Approach Is Best? It is expected that all four approaches
to revising or designing a message reference code would result in fur-
ther reduction of error rates ; however , approaches B , C, and D are
believed to be capable of bringing about more error reduction than the
partial revision described in approach A. A further experiment is
needed to determine which of the three approaches is best at reducing
errors; such an experiment is being prepared .

CONCLUSIONS AND RECOMMENDATIONS

It may be reliably concluded that the four—letter message refer-
ence code set recommended for use with the TOS2 can be learned more
quickly and with less error than the alternative two—letter , one—number
code set that had been used by DEVTOS personnel.

It is recommended that consideration be given to revising the cur-
rent four-letter code version in accordance with Table 4 or changing it
to one of the three versions shown in Tables 5, 6, and 7. Adoption of
any of these four versions should further reduce the number of errors
m~ide by code learners.

16
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Table 7

Message Ti tles , Action Names , and Code Letters
Required by a Three—Letter Partially Acronymic Code

Message title Code letters

Task Organization TAO*
Task Force TAF *
Tactical Dispositions TAD*
Unit Disposition , One Coordinate UNC
Unit Disposition, One Unit UNU
Unit Disposition, General UNG
Air Control Measure AIM*
Operations Journal opJ~Situation Report SIR*
Pend ing Change PEC*
Spot Report SPR*
Aircraft Available Am*
Relay Message* REM*
Named Area of Interest NAI
Standing Request. for Informat ion File STF *

Enemy Uni t Status ENS*
Enemy Situation Data END*
Intelligence Summary INS*
In tell igence Work File INF*
Enemy Situation Data Base Index ENI*

Action name Code letter

Add A
• Change C

Delete D
Query Q
Special Processing
Establish Standing Request for Information E*

aChanged from current version .
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APPENDIX A

INFO RMATIO N AND INSTR UCTIONS FOR SUBJECTS

Information and Instructions Read to Subjects

MASSTER , the Computer Systems Command , the Army Tactical Data Systems

Project, and the Army Research Ins titute have been exper imen tal ly using

computer systems to assist in message processing . For this test we have

taken one of the G2 or G3 officer ’s sub-tasks , and will have you learn

it.

The G3 (or G2) must use a message reference code to tell the

computer which of 6 actions he wants to take on any of the 15 (or 8)

categories of messages that he handles. (Show Tables 1 and 2)

In table a you ’ll see the names of message categories and the code

that stand for each.

in table b you ’ll see the names of the six actions that can be taken ,

along wi th the sing le character action code.

The message reference code which you will be learning during this

experiment is formed by adding these two codes , as shown in table C.

Would you please read aloud the names and codes from table a and b

so that I ’ll know you have paid some attention to each one .

(After he ’s read a l ou d , take away the tables.)

• After we get the program going , you will see a message and action

name appear here at the bottom of the CR1. It will roll up (move your

finger up 4 times) one, two, three four lines and stop. After it

stops rolling , you will have 20 seconds to type in the message reference

code. What you type will appear on the CR1. After you ’ve typed in what

19
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you think the code is, then hit this “ESC” button to tell the program that

you are finished making your response.

The program will then give you feedback. If your answe r i s correc t,

it will repeat your answer and say it is correct. If your answer is

wrong , the word “ERROR” will be displayed and then the correct answer

will be displayed. This feedback will last for 5 seconds and then the

program will go on to the next item .

If you see tha t you ’ve typed in something wrong and haven ’t yet hit

• the “ESC” button , then here’s how to correct it. You must replace the

wrong character and all characters to the rignt. Tell the program how

many characters you ’re going to replace by pressing the shift key and

hitting this arrow (upper case 0). Then type in the correction and

send it.

There are 26 (57) titles in the list you will be learning . On the

first pass through the list the titles will be displayed in this order

(point ~t table c). On the second and later passes the titles will appear

in a random order. You will be finished when you make a perfect pass;

i.e., go through the whole list wi thout making an error.

The purpose of this experiment is to get performance data on how easy

or difficult various message reference codes are to learn . When the

exper imen t i s over , we ’ll i nform the ARTADS people of our findings and

they will make use of them in a new computer system that will be

coming here in about a year.

Tables Shown to Subjects

On the following pages are the tables that were shown to subjects

20
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as part of their information and instructions. A given subject saw only

three tables a , b , and c. Which set of three he was shown - set 1 , 2,

3 or 4 - depended on which code (LU’ or LLLL) and which area of operations

(G2 or G3) he was assigned to learn .
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Table A-la

Message Titles And Their Abbreviations , For G2 Functions

Message Title
No. Message Title Abbreviat ir~nsEnemy Uni t Status I~US2 Enemy Situation Data ESD
3 (Enemy) Intelligence Surnary EIN
4 (Enemy) Intelligence Working File EWF
5 Enemy Situation Data Base Index EDX
6* Relay REL
7* Name d Area of Int erest MI
8* Standini Request for Information File SRI
*These types of messages are also used for G-3 functions.

Table A -lb

Types of Actions and the Letter Code for Each

Action Desired Regarding Message Action Code
ADO (to data base)
CHANGE (the data base) C
DELETE (from data base) 0
QUERY (the data base) Q
SPECIAL PROCESSING (of some message types) P
ESTABLISH STANDING R[O~(JEST FOR INFORMATIOfl S

22
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Table,A- lc

Message Code List To Be learned In Response To Messaqe Title
And Type Of Action In The Area Of ~.2 Functions

No. Message Title And Action Message Code
1 Enemy Unit Status-ADD EUSA
2 Enemy Unit Status-DELETE EUSD
3 Enemy Unit Status-QUERY EIJSD

4 Enemy Situation Data-ADD ESDA
5 Enemy Situation Data-CUANGE ESOC
6 Enemy Situation Data-DELETE ESDD
7 Enemy Situation Data-DIJERY ESDO
8 Enemy Situation Data-ESTABLISH SRI ESOS

9 Enemy) Intelligence Suniiiary-ADD ETNA
10 Enemy) Intell igence Sumary-CHA~GE EIMC
11 Enemy) Intelligence Surnary-PELETE EIND
12 (Enemy) Intelligence Sumarv-SPECIAL PROCESSING EINP

13 (Enemy) Intelligence Work File-ADD EWFA
14 (Enemy) Intelligence Work File-CHANGE EWFC
15 (Enemy) Intelliqence Work File-DELETE EWFD
16 (Enemy) Intelligence Work File-QUERY EWFQ

17 Enemy Situation Data Base Index-ADD EDXA
18 Enemy Situaticn Data Base Index-CHAtIGE EUXC
19 Enemy Situation Data Base Index-OUERY EDXO

20 Relay-ADD RELA

21 Named Area of Interest-ADD NA IA
22 Named Area of Interest-CHANGE NAIC
23 Named Area of Interest-DELETE NATO
24 Named Area of Interest-QUERY NATO

25 Standing Request For Information File-DELETE SRIO
26 Standing Request For Information File-QUERY SRIO

23
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Table A-2a

Message Titles And Their Abbreviations , For G2 Func ti ons

Message Title
No. Message Title Abbrevi ation

1 Enemy Unit Status EA
2 Enemy Situa tion Da ta EC
3 (Enemy) In tellig ence Sumary ED
4 (Enemy) Intelligence Workina File EE
5 Enemy Situa tion Data Base In dex EG
6* Relay AA
7* Named Area of In terest AA
8* Standing Request For Information File AA
*These types of messages are also used for G3 functions .

Table A-2b

Types Of Actions And The Numerical Code For Each

Action Desired Regard i ng t’~essage Action Code
AD1~ (to data base) 1
CHANGE (the data base) 2
DELETE (from data base) 3
QUERY (the data base) 4
SPECIAL PROCESSING (of some message types) 5
ESTABLISH STANDING REOI!EST FOR INFQRMAT ION 6
Special Cases: (1) Only an Action Code of 0 may be used wi th the relay

message.
(2) Use an Action Code of 8 to delete an SRI File message.
(3) Use an Action Code of 9 to query the SRI File.

24
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Table A-2c

Message Code List To Be Learned In Response To Message Title
And Type Of Action In The Area Of G2 Functions

No. Message Title And Action Message Code
1 Enemy Unit Status-ADD EA 1

• 2 Enemy Unit Status-DELETE EA 3
3 Enemy Unit Status-QUERY EA 4

4 Enemy Situation Data-ADD EC 1
5 Enemy Situation Data-CHANGE EC 2
6 Enemy Situation Data-DELETE EC 3
7 Enemy Situation Data-QUERY EC d
8 Enemy Situation Data-ESTABLISH SRI EC 6

9 (Enemy) Intelli gence Summary-ADD ED 1
10 (Enemy) Intelligence Summary-CHANGE ED 2
11 (Enemy) Intelligence Summary—DELETE ED 3
12 (Enemy) Intelli gence Summary-SPECIAL PROCESSING ED 5

13 (Enemy) Intelli gence Work File-ADD EE 1
14 (Enemy) Intelli gence 1~!ork File-Cf’P!~1GF EE 2
15 (Enemy) Intelligence Work File-PELETE EE 3
16 (Enemy) Intelligence Work File_QUERy EE 4

17 Enemy Situation Data Base Index-ADD EG 1
18 Enemy Situation Data Base Index-CHANGE EG 2
19 Enemy Situation Data Base Index-OUERY EG 4

20 Relay-ADD AA 0

21 Named Area of Interest-ADD AA 1
‘22 Named Area of Interest-CHANGE M 2
23 Named Area of Interest-DELETE AA 3
24 Named Area of Interest-QUERY AA 4

25 Standing Request For Information File-DELETE AA 8• 26 Standing Request For Information File-QUERY AA 9

25
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Table A-3a

Message Titles And Their Abbreviations , For G3 Functions

Message Titl e
No. Message Title Abbrev i ation

Task Organization UTO
2 Task For ce UTF
3 Tactical Dispositions UTD
4 Unit Disposition , One Coordinate UDC
5 Unit Disposition , One Un it UDU
6 Unit Disposition , General UDG
7 Air Control Measure ACM
8 Operations Journal UOJ
9 Situation Report LJSI
10 Pending Change UPC
11 Spot Re por t U SR
12 Aircraft Available AAV
13 Re l ay REL
14 Named Area of Interest NAT
15 Standing Request for Information SRI

Table A-3b

Types of Action and the Letter Code for Each

Action Desired Penardina Message Action Code
ADO (to data base) A
CHANGE (the data base) C
DELETE (from data base) 1)
QUERY ( the da ta base) Q
SPECIAL PROCESSING (of some message types) P

ESTABLISH STANDING REQUEST FOR INFORMATION S

26
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Table A-3c

• Message Code List To Be Learned In Response To Message Tit le
And Type Of Action In the Area Of G3 Functions

No. Messaoe Title And Action Message Code
1 Task Organization-ADD UTOA
2 Task Organization-CHANGE UTOC
3 Task Organization-DELETE UTO~

)
4 Task Organization-QUERY LJTOO
5 Task Organization -ESTABLISH SRI UTOS

6 Task Force-ADD UTFA
• 7 Task Force-CHANCE UTFC

8 Task Force-DELETE UTID
9 Task Force-QUERY UTFQ
10 Task Force-ESTABLISH SRI I’TFS

• 11 Tactical Dispositions -QUERY UTDO• 12 Tacti cal Dispositions -SPECIAL PROCESSI NG UTDP
13 Tactical Dispositions -ESTABLISH SRI UTDS

14 Unit Disposition , One Coordinate-ADD UDCA
15 Unit Disposition , One Coord i nate-CFANGE 110CC
16 Unit Disposition , One Coordinate -DELETE UDCD
17 Unit Disposition , One Coordinate-C1’ERY UDCO
18 Unit Disposition , One Coordinate-ESTABLISH SRI UDCS

19 Uni t Disposition , One Unit-ADD UDUA
20 Unit Disposition , One Unit -CHANGE UDUC
21 Unit Disposition , One Unit-DELETE UDUD
22 Unit Disposition , One Unit-QUERY UDUO
23 Unit Disposition , One Unit-ESTABLISH SRI UDUS

24 Unit Disposition , General-POD UDGA
25 Unit disposition , General -CHANGE tJflGC
26 Uni t Disposition , General-DELETE UDGI)
27 Uni t Disposition , Gener al-flI ERY UDGO
28 Unit Disposition , General-ESTABLISH SRI HOGS

29 Air Control ~1easure-ADD ACMA
30 Air Control Measure -CHANGE ACF1C
31 Air Control Measure-DELETE ACMD
32 Air Control Measure-QUERY ACMO
33 Air Control Measure-ESTABLISH SRI ACMS
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Table A-3c , Continued

No. Message Title and Action Message Code

34 Operations Journal-ADD IJOJA
35 Operations Journal-DELETE UOJI)
36 Operations Journal -QUERY UOJQ
37 Operations Journal-SPECIAL PROCESSING UOJP

38 Situation Report-CHANGE USIC
39 Situation Report-SPECIAL PROCESSING USIP

40 Pending Change-ADD UPCA
41 Pending Change-CHA NGE UPCC
42 Pending Change-DELETE UPCD
43 Pending Change-QUERY UPCO

44 Spot Report-ADD USRA
45 Spot Report-QUERY USRO

46 Aircraft Available -ADD AAVA
47 Aircraft Available -CHANGE AAVC
48 Aircraft Available -DELETE AAVD
49 Aircraft Available -QUERY AAVO
50 Aircraft Available -ESTABLISH SRI AAVS

51 Relay-ADD RELA

52 Named Area of Interest-ADD NAIA
53 Named Area of Interest-CHANGE NAIC
54 Named Area of Interest-DELETE NAID
55 Named Area of Interest-OUERY PIAIO

56 Standing Request for Information File-DELETE SRID
57 Standing Request for I nformation File-QUERY SRIO

28
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Tah1~ A-4a

Message Titles And Thei r Abbreviat i~~s, For G3 Functions

Message Title
No. Message Abbreviation
1 Task Organization UA

• 2 Task Force UB
3 Tactical Dispositions UI)
4 Unit Disposition , One Coordinate HE
5 Unit Disposition , One Uni t UF
6 Unit Disposition , General HG

• 7 Air Control Measure I’ll
8 Operations Journal IJL
9 Situation Report ur~i10 Pending Change UN

11 Spot Report US
12 Ai rcraft Available FA
13 Relay AA
14 Named Area of Interest AA
15 Standing Request for Information File AA

Table A-4b

Types of Actions And The Numerical Code For Each

Action Desired Reri~rdinq Messane Action Code
ADD (to data base)
CHANCE (the data base) 2
DELETE (from data base) 3
QUERY (the data base)
SPECIAL PROCESSING (of some messaqe tvnes) 5
ESTABLISH STANDIIIF- REQUEST FOR IHFOPMPTJ ON 6
Special Cases : (1) Only an Action Code ci’ 0 may he used w ith the

Relay Messacie.
(2) Use an Action Code of 8 to delete an SRI File

message.
(3) Use an Action Code of 9 to query the SRI File.
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Table A-4c

Message Code List To Be Learned In Response To Message Title
And Type Of Action In The Area Of G3 Functions

No. Message Title And Action Message Co~1e
1 Task Organization-ADD hA 1
2 Task Organization-CHANGE h A 2
3 Task Organization -DELETE HA 3
4 Task Organ ization- Q UERY !JA 4
5 Task Organization -ESTABLISH SRI HA 6

6 Task Force-ADO UP 1
7 Task Force-CHANGE h R 2
8 Task Force-DELETE UB 3
9 Task Force-QUERY UB 4

10 Task Force—ESTABLISH SRI HR 6

11 Tactical Disposition s-QUERY liD 4
12 Tactical Dispositions-SPECIAL PROCESSING HO 5
13 Tactical flisposition s-ESTABL ISH SRI UD E

14 Uni t Disposition , One Coordinate-ADD liE 1
15 Unit Disposition , One Coordinate -CHANGE tJE 2
16 Unit Disposition , One Coordinate -Q EL ETE lIE 3
17 Unit Disposi tion , Ore Coordinate -QUERY tiE 4
18 Unit Disposition , One Coordinate-ESTARLISH SRI liE 6

19 Unit Disposition , One Unit -ADD liE 1
20 Unit Disposition , One Unit -CHAN GE liE 2
21 Unit Disposition , One Unit-DELETE HF 3
22 Unit Disposition , One Unit-OUERY HF 4
23 Unit Disposi tion , One Unit-ESTABLISH SRI UF 6

24 Unit Disposition , Genera~-ADD HG 1
25 Unit Disposi tion , General -CHANGE HG 2
26 Unit Dispo sition , General-DELETE UG 3
27 Unit Disposition , C,eneral-flL’E~Y UG 4
28 Unit Disposition , General-ESTABLISH SRI tiC 6

29 Air Control Measure-ADD IJIl 1
30 Air Control Measure-CH ANGE liii 2
31 Air Control Measure-DELETE Uli 3
32 Air Control Measure-OHERY UH 4
33 Air Control Measure-ESTABLISH SRI UH 6

34 Operations Journal-ADD UI 1
• 35 Operations Journal-DELETE UL 3

36 Operations JOurnal-QUERY UI 4
37 Operations Journal -SPECIAL PROCESSING UI 5
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Table A-4c, Continued

No. Message Title And Action Message Code

38 Situation Report-CHANGE UM 2
• 39 Situation Report-SPECIAL PROCESSING UM 5

• 
. 40 Pending Change-ADD UN 1

41 Pending Change-CHANGE UN 2
42 Pending Change-DELETE UN 3
43 Pending Change- QUERY UN 4

44 Spot Report-ADD US 1
45 Spot Report-QUERY US 4

46 Aircraft Available-ADD FA 1
47 Aircraft Available -CHAN GE FA 2
48 Ai rcraft Available -DELETE FA 3
49 Aircraft Available - DIJERY FA 4
50 Aircraft Available -ESTABLISH SRI FA 6

51 Relay-ADD AA 0

52 Named Area of Interest-ADD AA 1
53 Named Area of Interest-CHANGE AA 2
54 Named Area of Interest-DELETE AA 3
55 Named Area of Interest_ QUERy AA 4

56 Standing Request for Information File-DELETE AA 8
57 Standing Request for Information File-QUERY AA 9

31
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APPENDIX B

STATISTICAL ANALYSIS TABLES

This appendix contains tabular presentations of the results of the

several analyses of variance performed on the data. The ordering of the

tables follow s the order in which the dependent vari ables are presented

for a given i ndependent variable; i.e., number of passes to reach the

learning criterion, percent errors made , and time to input a message

reference code followi ng presentation of a message title and action name .

Because the number of subjects in the six groups was not equal

(n = 10, 10, 10, 13 , 9, 8) calcu l ation of sums of squares by usual

procedures produced some negative interacti on sums of squares and mean

squares. The method recommended by Wa l ker and Lev* on pp. 381-382 to

handle unequal frequencies was followed in all of the 2x2 ANOVAS performed.

• *Wa lker , H.M. & Lev , J. Statistical Inference, Henry Holt and Company
New York : 1953.
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Table B-i

ANOVA OF NUMB ER OF PASSES ON G2 LI ST
FOR IL# vs. IILI CODES AND OFFICERS vs. EM

Source S.S. df M.S. F Prob.
Code 12.0895 1 15.81 p~. .001
Rank 3.5231 1 4.61 .Ol~ -p &.O5
C x R 0.2736 1 0.36 p, .50

— 
Error a 39 0 7645a - - - - -

aError Mean Square 3l6.4923 4 39 x 0.0942 = 0.7645
where 0.0942 = mean reciprocal of sample sizes and
316.4923 = Error S.S. from usual ANOVA.

Table B-2

ANOVA OF NUMBER OF PASSES BY OFFICE RS
FOR LU vs. LLLL CODES AND G2 vs. G3 LISTS

Source S.S. df M.S. F Prob.
Code 5.8153 1 5.8153 18.63 p~ .001
List 2.2907 1 2.2907 7.34 p = .01
C x I .3838 1 0.3838 1.23 .25~ p~ .30Error a 36 O.312la - - - - - -

aError Mean Square = 108.7827+ 36 x 0.1033 = 0.3121
where 0.1033 = mean reciprocal of sample sizes , and
108.7827 = Error S.S. from usual ANOVA.
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Table B-3

ANOVA OF PERCENT ERROR ON C-~ LIST FOR LL# vs. LLLLCODES AND 0FFIU~RS vs. EM

Source S.S. df M.S. F Prob.
Code 179.1583 1 179.1583 26.94 p< .001
Rank 26.6773 1 26.6773 4.012 p= .053
C x R 6.0269 1 6.0269 0.91 .35 (p~~.4O
Error p 39 6 6495a

aError Mean Square = 70.5891 .~. 39 x 0.0942 = 6 .6495,
where 0.0942 = mean reciprocal of sample sizes , and
70.5891 = Error S.S. from usual AHOVA .

Table B—4

ANOVA OF PERCENT ERROR BY OFFICERS FOR LL# vs. LLLL
CODES AND G2 vs. G3 LISTS

Source S.S. df M.S. F Prob .
Code 95.6484 95.6484 29.60 p~ .001List 26.5226 1 26.5226 8.21 p~ .01C x L  1.3224 1 1.3224 0.41 p~~.5O
Error a 36 3 2309a

• aError Mean Square = 31 .2768 ~
- 36 x 0.1033 3.2309 ,

• where 0.1033 = Mean rec4procal of sample sizes ,
and 31.2768 Error S.S. from usual ANOVA.

35



Tabl e 8-5

ANOVA OF TIME TO INPUT A MESSAGE REFERENCE CODE
FOR G2 LIST FOR LL# vs. LLLL CODE AND OFFICERS vs. EM

Source S. S. df M.S. F Prob.
Code .0092 .0092 0.04 p>.50
Rank .0037 1 .0037 0.02 p>.5O
C x R .0234 1 .0234 0.11 p>.50
Error a 39 20ç2a - - _ - _ -

aError Mean Square = 84.9721~~ 39 x 0.0942 = 0.2052 ,
where 0.0942 = mean reciprocal of sample sizes,
and 84 .9721 = Error S.S. form usual A NOVA.

Table B-6

ANOVA OF TIME TO INPUT A MESSAGE REFERENCE CODE
BY OFFICERS FOR LU vs. LLLL CODES AND G2 vs. G3 LISTS

Source S.S. df M.S. F Prob.
Code .0018 1 .0018 0.01 ~~~~~~~
List .6942 1 .6942 3.26 p = .08
C x I .0629 1 .0629 0.30 p~~.5O
Error a 36 2130a _ - - - - -

aError Mean Square = 74.2774+ 36 x 0.1033 = 0.2130,
where 0.1033 = mean reciprocal of sample sizes ,
and 74.2774 = Error S.S. from usual ANOVA.
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Table B-7

t-TESTS OF DIFFERENCE BETWEE N MEANS OF CORRELATED MEASURES
OF PERCE N T ERRORS FOR 1st an d 2nd CHARACTER OF THE LL# CODE

(Officer Data Onl y)

G2 List G3 List Overall

1st Letter 4.55% 3.49% 4.05%

2nd Letter 13.34% 10.99% 12.23%

Difference 8.79% 7.50% 8.18%

S~ 1.3924% 1.1404% O.8983~
t 6.31 6.576 9.10

Probability* c .001 ~ .001 ~ .001*two tai led
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Table 8-8

t-TESTS OF DIFFERENCES BETWEEN MEANS OF CORRELATED MEASURES OF
PERCENT ERRORS FOR 1st, 2nd and 3rd CHARACTERS OF TUE LLLL CODE

(Officer Data Only)

G2 List G3 Lis t

1st Letter 3.25% 3.81%

2nd Letter 5.35% 2.10%

Difference 2.092% -1.7125%

0.6180% 0.4991%

t 3.39 3.43

d.f. 12 7

Probability * ~ .01 4.02

2nd Letter 5.35% 2.10%

3rd Letter 7.13% 3.65 %

Difference 1.7846% 1.557

S~ 0.6299 % 0.244 9%

t 2.83 6.33

d.f. 12 7

Probabili -ty* < .02 ‘ .001

1st Letter 3.25% 3.81%

3rd Letter 7.13% 3.65%

Difference 3.877% -0.1625%

0.9809% 0.5318%

t 3.95 -0.31

Probability* 

12 

>.5O

*two.tailed
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Table B-9

t-TESTS OF DIFFERENCES BETWEEN MEANS OF CORRELATED MEASURES
OF PERCENT ERRORS FOR MESSAGE TITLE CODES AND ACTION NAME CODES

(Officer Data Only)

LL# CODE

G2 List G3 List Overall

Title Code 8.96% 7.23% 8.14%

Action Code (# )  13.11% 6.24% 9.86%

Difference -4.15% 0.9888% -1.7158%

S~ 1.0772% 0.7873% 0.8953%

d.f. 9 8 18

t -3.85 1.25 -1.92

Probability* ~ .Ol .26 .074

*two_ taj led

LILL CODE

G2 List G3 List Over all

Title Code 5.25% 3.20% 4.47%

Action Code (L) 4.22% 1.60% 3.22%

Difference 1.0385% 1.60% 1.2524%

S- O.5763’~ 0.7300% 0.4451%

d.f. 12 7 20

t 1.80 2.19 2.81

Probability * .098 .068 = .011

*two_ taj led
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Table B-b

t-TESTS OF DIFFERENCES IN MEAN PER CENT ERROR S FOR NUMERIC VERSUS
ALPHABETIC ACTION CODES.

(Officer Data Only)

G2 List G3 List Overall

Mean (#) 13.11% 6.24% 9.86%

Mean (1) 4.22% 1.60% 3.22%

Variance (//) 25.2277 6.4903 27.9026

n(#) 10 9 19

Variance CL) 6.3664 1.7114 6.1126

n (L) 13 8 21

S.D. (diff. of means) 1.7356% 0.9670% 1.3265%

d.f. 13* 13* 26*

t 5.12 4.80 5.01

Probability ~ .001 <.001 (.001

*Computed by W alker and Lev ’ s formula (7.26) on page 158 .
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APPENDIX C

ANALYSIS OF ERRORS BY CHARACTER POSITION

Errors By Character Position

To gain a better understanding of the sources of error and difficulty

In l earn i ng the LU and LLLL codes , a count of errors by character position

was made for each officer wi thin each of the four combinations of list type

(62 and 63) and code type . These error counts were then divided by

each officer ’ s number of chances to err. Summing across officers by char-

acter position and , for other comparisons , across the message t i tle

character positions as well , a measure of the mean percent errcr by char-

acter position (or by set of character positions) was calculated . The

results reveal some differences not capable of being shown by the pre-

viously discussed dependent variable , percent of resnonses containing

at least one error .

Effect of the Second Letter of the LL-~ Code

Error data regarding the second letter of the LL~ codes give strong

support to the prediction that its arbitrari ness and the gaps in its

alphabetic sequence would be a major source of error in learning the

LL# codes. Com puted over the 62 and 63 lists (Table C-i), the mean

percent error for the second letter (12.23% ) was three tines that for the

first better (4.05°). The ratio is slightl y less than 3 to 1 for the G~
list and slightl y more than 3 to 1 for the 63 list. Three t-tests of

these differences between means (13.34% vs. 4 .557 , 10.99% vs. 3.49%, and

12.23% vs. 4.05%) each indicated statistic al significance (see Table B-7)
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Tabl e C-i

SUMMARY OF MEAN ER ROR PERCE NTAGES BY CHARACTER POSITION
(Officer Data Only)

Message Tit le Title Action Message
Code Characters Code Code Reference

List Code 1st 2nd 3rd Overall Character Code
~Y LL# 4.55 13.34 NA 8.96 13 .11 10.34

62 LLLL 3.25 5.35 7.13 5.25 4.22 5.00

63 LL# 3.49 10.99 NA 7.23 6.24 6.91

63 LLLL 3.81 2.10 3.65 3.20 1.60 2.80

LL# 4.05 12.23 NA 8.14 9.86 8.72

LLLL 3.47 4.11 5.80 4.47 3.22 4.16

42
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with the probability of obtaining at least the observed differences being

less than .001 under an hypothesis of no difference. Examination of

Tables C-i and C-2 shows that the mean percent errors made on the second

letter exceed those for the first letter for 16 of the 17 message title

codes other than the “AA ” codes. The “AA ” codes are especially compli-

cated , the result being that similar error rates were associated wi th

each of the two letters. The remaining exception is the ‘FA ” message

code where 6.2% errors were associated with the “F” and 4.3 errors wi th

the “A” (Table C- 3) .

It seems clear tha t the secon d letter of the LL~ code was a major

source of error because i ts charac ters had very lit tle mnemon i c value

and was even d if f i cul t to lea rn as a sequence of the al pha bet because

of gaps . It also appears that other factors , su ch as rela ti ve fre-

quency and recency of occurr ence , i nfluence the learn i ng of the co de

characters so that in a certain minority of cases the first character

is as hard or harder to learn than the second character.

Error Rela tions in the lessage Portion of the LLLL Code

Neither the second nor third character of the LLLL code has three

times the error percentage of the first character , as was noted for the

LU code. Yet , in the case of the G2 list, hi gher error percentages

occur for the second character than for the first character , and still

higher error percentages occur for the third than for the second char-

acter (3.2 5’, then 5•351 , then 7.137; see Table C-i). From data in Table

43
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Table C-2

MEAN PERCENT ERRORS BY CHARACTER POSITION
G2 List , LL# Code , 10 Officers

Messane
Title Code Action Code

E A 1 * 3 4
4.7 6.6 10.4 14.4 4.3

E C 1 2 3 4 6
4.3 20.7 3.3 9.9 8.6 4.0 49.5

E D 1 2 3 5
4.0 16.9 4 .8 6. 4 6. 1 45.4

E E 1 2 3 4
1.4 11.0 3.1 3.7 3.2 2.8

E 6 1 2 4
5.4 22.6 4.0 2.8 13.0

A A 0
13.6 9.9 20.1

A A 1 2 3 4
2.4 1.8 9.6 13.6 8.9 5.0

A A 8 9
10.8 11.0 45.1 38~~

1st 2nd 3rd 1 2 3 4 5 6 0 8 9
4.6 13.3 1TJ 5.9 7.3 8.2 5.8 45.4 49.5 20.1 45.1 38.6

*Gaps such as this occur because not all action codes are applicabl e to each
message category.
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Tab le C-3

MEAN PE.R~CENT ERROR S BY CHA RACTE R POSITIO N
(G3 List , LL# Code , 9 Officers)

Messa ge
Title Code Action Code

U A 1 2 3 4 6
0.4 3.9 1.9 3.7 0 0 20.5

U B 1 2 3 4 6
3.9 8.9 7.1 1.6 1.9 4.4 5.3

U D 4 5 6
4.3 20.4 12.5 2 1.4 7 .5

U E 1 2 3 4 6
1.5 19.2 6.5 0 2.8 11.2 3.4

U F 1 2 3 4 6
0.6 19.0 1.6 5.6 0 0 3.4

U 6 1 2 3 4 6
0.6 4.0 0 9.1 9.3 3.2 0

U H 1 2 3 4 6
6.4 9.1 0 0.4 5.9 6.9 0

U L 1 3 4 5
0.7 b6.1 0 17.7 0 12.1

U M 2 5
4.2 21.3 3.4 14.4

U N 1 2 3 4
6.2 17.5 0 7.5 0 12.4

U S 1 4
2.8 15.7 3.7

F A 1 2 3 4 6
6.2 4.3 0 0 2.8 3.8 2.8

A A o
20.9 20.9 35.2

A A 1 2 3 4
2.9 2.5 TT~ 5.3 5.6 4.4

A A 8 9
6.7 8.r 38.0 26.5
1st 2nd 3rd 1 2 3 4 5 6 0 8 9
3.5 1.7 3.7 4 .6 5.2 16.0 5.4 35.2 38.0 26 .5~~~

1
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A—4, one can i nfer that the higher error rates for the second and third

characters are mainly the result of troubles in learning EIN for (Enemy)

Intelli gence Summary, EWF for (Enemy ) Intelligence Work File , and ED X

for Enemy Situation Data Base Index . The third character incurred higher

error rates than the second character primarily because learners persisted

in responding “EIS” rather than “ElM” to the title (Enemy) Intelligence

Sumary. The difference in mean percentage errors between the first and

second characters of the 62 list , LLLL code , was statistically significant

( p c .0b ) and so was the difference between the second and third characters

(p~~.02; see Table B-8).

The pattern of errors among the fi rst three characters on the 63

list (Table C-i) was different from that of the G2 l ist.  For the 63
list , the mean percent errors for the second character (2.10% ) was less

than that associated with either the first character (3.81%) or the third

character (3.65%). While these differences were statistically significant

(p< .02 and p< .001), the difference between the firs t and third character ’s

error rates was not statistically significant. A likely reason for the

lower error rates for the second character is that many of the G3 titles

contained just two words. In these cases subjects appeared to learn

rather quickly that they should enter a “U” for the first character and

then enter the acronym of the first title word as the second character

of the code.

Messa ge T itl e Errors Versus Ac ti on Name Error s

For just one of the four combinations of list and code type was the

46
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Tabl e C-4
MEAN PERCENT ERRORS BY CHARACTER POSITION

(62 Lis t , LLLL Code , 13 Officers)

Message Title Code Action Code

E U S A D Q
4.1 4.1 2.9 1.5 2.0 4.1

E S D A C D S
2.5’ 2.7 2.4’ 4.5 2.6 0 17.9

E I N A C D P
1~8 3.8 13.p 5.1 4.1 1.9 2’3.8

E W F A C D
4.5 10.0 9.7 9.0 1.9 0 3.8

E D X A C Q
2~1 12.7 14.2 5.1 1.3

R E L A
12.4’ 12.2 12.2 6.4

N A I A C D
1.3 1.7 1.7 1.5 2.6 1.3

S R I D 0
1~3 1.9 5.1 1.3 f .3

1st 2nd 3rd 4th A C D 0 P S
~~ 5.4 7.1 4.2 3.9 2.7 1.7 L7 23.8 17.9
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mean error percentage for the action code greater than that for t•he message

title code. The numeric action codes of the 62 list incurred 13.11%

errors while the message title characters of this list i ncurred 8.96%

errors. The difference between these means was statistically si gnificant

(p<.Ol ; see Table B-9). For the G3 list , LL# code , the action portion

had a lower error rate (6.24%) than the title portion (7.23~’) but the

difference was not significant (p = .26).

For the LLLL Code , a statistically significant difference was

obtained onl y when error percentages were compu ted over both 62 and 63

lists . For this comparison the title portion incurred 4.47~’ errors while

the alphabetic action code portion incurred 3.22~ errors (p = .011).

Overall , the action code letter was inpu t with 3.22% errors while

the action code as a number was input wi th 9.86 % errors (a stat ist ical ly

significant difference ; p c .OO1 from Table B-b ). Since the error rate

for the message title portion dropped fron 8.14% for the LL# codes to

4.47% for the LLLL codes , we fin d the new LLLL code has been more helpful

in reducing action code error rates than in reducing message title ccde

error rates. Evidently the numeric action codes with their exceptions were

somewhat more difficult than expected . On the other hand , the new LLLL

title codes were somewhat less of an improvement than had been hoped for.

Action Code Problems

• The LL# code contains rinc different action codes , all numbers ,

compared to only six different letters serv i ng as the action codes in the
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LLLL code system. The extra three action codes (0, 8, 9) apply to action

names that most often require a response of 1, 3, and 4. Apparently a

system designer felt that the fact that the three message categories

involved (Relay , Named Area of Interest, and SRI File) were common to both

62 and 63 , warranted giving them all the same letter-letter (AA ) designation.

Then , to provide unique action code numbers , for the computer program , he was

forced to use a “0” to distinguish Relay-Add from Named Area of Interest-Add;

to use an “8 ” to distinguish Standing Request For Information File-Delete ,

from Named Area of Interest-Delete ; and to use a “9” to distinguish SRI File-

Query from Named Area of Interest-Query . The high error rates for the

0, 8, 9 action code numbers show clearly that the use of the comon AA

designation was an unnecessary and undesirable complication (See Tables C-2

and C-3).

For the LLLL code and the G2 list (Table C-4) the worst action code

letter is the “P” standing for “Special Processing. ” This should be con-

sidered in conjunction with the “S’ that stands for Establish Standing

Request for Information . These two had error rates of 23.8% and 17.9%

for the 62 list , where they occurred only once per pass. On the G3

list , (Table C-5) P’ was required three times per pass and ‘S” was required

six times per pass. Since their error rates dropped to 2.9% and 1.3%

overall on the G3 list , their rarity or low frequency would appear to be

the major factor producing the high error rates on the 62 list. 62

learners need help; 63 learners apparently need little hel p if any , wi th

the “P” and “S.” Review of the 62 learners ’ wrong responses indicated

that many were responding wi th an “S” to Special Processing and with an

49

_ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _  _ _ _ _ _ _ _ _  -

“E” to Establish SRI . They were using the acronym rule that most often

did apply. Unfortunately for their learning ’s success , these two codes

were requiri ng use of the first letter of the second word of the action

name Instead of the first letter of the first word . The reason for the

original assi gnment of “S” to Establish SRI was that it seemed appropri ate

or naturally associated with SRI . But this assignment ignored the need to

use the verb “establish” to describe /explain the action involved , and i t

took insufficient account of the error-producing consequences of letting

“P” stand for Special Processing now that the “S” was pre-empted . It is

thought that chang ing the code letter for Special Processing to “S” and

the code letter for Establish SRI to “E ” would aid the learning of the

62 list.

“Establish SRI” is quite clear in its meaning of the action. “Initiate

SRI ” seems a bit more precise , but to change the name of the action to this

(with a code letter of “I”) seems unlikely to reduce error rates below that

which the use of “E” would produce. The action name of “Start SRI ,” using

a code of “S,’ would allow retention of the “5” code with perhaps not too

significant a loss in conveying the meaning of the action to the learner.

Individual Message Title Code Problems

The letters EIN were the code response required to the message category

titles displayed as (Enemy) Intelligence Summary . The “N” has a 13.2%

error rate, and the common error was to give “5” as the third letter. It

• seems obvious that , given this display of the message title , EIS should have

been the required code. The situati on here has been complicated by the
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addition of (Enemy ) in the display of the message title; this word does

not appear in the title printed on message fo rmat sheets . It was displayed

parenthetically to justify the use of “E” as the firs t letter of the code

and to create three words in the title thus allowi ng straightforward

application of the three letter acronym rule for this title. If all message

reference codes mus t have four letters , “EIS” coupled wi th the use of

“(Enemy ) Intelligence Summary” as a title, is judged to be a combinati on

that would produce a lower error rate than “EIN” did.

In the next case , however , the addition of “(Enemy)” to “Intelligence

Work F i l e ” disallowed simple application of the three letter acronym rule.

The “W ” and “F” each had a 10% error rate. Subjects were charged with an

error for inserti ng the letter “I” and were unfortunately recuired to

leave this letter out of the code. The title displayed should have beer’

simply “Intelligence Work File ” and the code for it should be “ IWF ” plus

the appropriate action code.

The next 62 problem is the five-word title “Enemy Situation Data Base

I ndex ” (code is EDX) where use of a three letter title code requires the

subject to learn which three of the five words contain the code letters .

The “E” is the best first letter code; while the “0” was assi gned w i thou t

expectation that it would be more readily learned than “S” or “B ,” the

two remaining words “first letters . “X ” stands out as a cue for index ,

but creates an unnecessary exceptional case , for it’ s not the first letter

of a word. The error responses were usually “ESD. ” Again , t h i s  shows

that on these occasions the learners were trying to follow a simple

1 
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acronym rule. Unfortunately, the ex istence of ano ther message ca tegory

ti tle “Enemy Situation Data ” pre-empts the use of “ESD” as a code. A

change in title seems much needed in this case in order to permit simple

application of the three letter acronym procedure for generating or deter-

mining the ti tle code. “Situation Data File ” (Code to be “SDF~ ) and

“Situa tion Da ta Index ” (Code to be “SD!”) are candidate title reductions.

It is thought that either (the latter is somewhat preferred) would reduce

error rates below what are produced by the present combination of “EDX”

and a five word title.

“Relay-Add” is used by both 62 and G3 operations . The error rate

for the three code letters “REL ” was virtually the same (12.4%, 1 2.2%, and

12.2%) for each l etter for the G2 list and was the same (15%) for each

letter when being learned by subjects assigned to the 63 list. Most of

the errors regard i ng the “R ” were of a prematu re commission nature -

subjects i nput the R before the display had stopped “rolling up. ” It is

apparently coincidental that the error rates for the R match those for

the other two letters. Given a one-word message title and a three-letter

code input requirement , “REL” seems fairl y obvious. Combined with “A ,”

the only action code permitted , produces “RELA ” which seems inspired or

at least clever. To adapt it to a three word and three letter acronym

scheme, the cumbersome title “Common Rela y ~essa ge” and associated code

“Cl~l” is a possibility .

Only one other character on the G3 list stands out wi th a high

error rate. Situation Report is encoded as “US!,” and the error rate
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for the “I” (Table C-5) is 27.2%. The bulk of the “I”  errors come abou t

because the su bjects are i npu tti ng “USR.” “USR” is the more appropri ate

code, but it is already the code for “Spot Report. ” This duplication of

first letters (“5” and “R” ) for two different titles is not simple re-

solvable while staying within the acronym procedure. It seems necessary

to change one of the two ti tles to enable formulation of a different

acronym ic code. The shor t form “SITREP” could be used , and as wi th “Relay ”

the first three l etters “SIT” employed as a (nonacronvmic) code. However,

the dropping of “t.~~’ from the code shoul d cause error ra tes to stay fai rl y

high, for “U” (standing for “unit” ) is frequently used in the G3 list as

a filler letter when the message titl e contains only two words.
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Tabl e C-5

MEAN PERCENT ERRORS BY CHARACTER POSITION
(63 List, LLLL Code , 8 Officers)

Message Titl e Code Action Code

U T 0 A C 0 Q S
10.8 ~.6 6.3 T5.6 7.3 6.3 4.2 6.3

U T F A C D S
1.8 1.3 3.8 2.5 6.3 0 0 4.2

U T 0 P
0 8.8 0

U D C A C D 0 S
1.5’ 2.7 2.7 4.2 0

U D U A C 0 S
2.0 0.6 1.8 0 0

U D 6 A C D S
3.( 0.6 0.6 0 0 0 3.1

A C M A C D S
7.2 1.9 0.6 0 3.1 0 0 0

U 0 J A 0 P
4.0 3.0 2.3 3.1 0 0 0

U S I C P
7.8 4.7 27.2 0

U P C A C 0
2.3 0 2.6 0 0 2.5 0

U S R A
0 0 3.6

A A V A C U 0 S
5.3 2.6 4.5 0 2.5 0 0

R E L A
15.0 15.0 15.11 6.3

N A I A C U
0.6 0 0 0

S R I D
3.1 5.2 2.1

1st 2nd 3rd 4th A C D Q P S
3.8 2.1 3.7 T~~ 2.6 1.7 1.2 0.6 2.9 1.13
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Table D-2

ERRORS BY PASS: EM, 62 LIST , LLLL CODE

PASS

SUBJECT 1 2 3 4 5 6 7 8 9 10 ZE

E2 Ta 4 4 2 1 0 11

E4 RC 14 11 7 7 6 5 1 2 5 0 58

E4 CR 5 7 3 2 3 1 0 21

E4 F~a 4 1 0 5

E4 Ma 1 0 1

E6 WT 6 4 0 10

E5 WB 10 13 4 2 5 3 2 0 39

E5 Pa 8 7 3 2 0 20

E7 Ch 7 7 2 0 16

E8 Fi 15 6 2 2 0 25
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Table 0-3

ERRORS BY PASS : OFFICER S, 62 LIST , LL# CODE

PASS

SUBJECT 1 2 3 4 5 6 7 8 9 10 11 12 ~~E

O4 Go 10 20 16 24 15 11 12 8 3 2 3 0 124

O4 Sc 5 13 6 6 1 4 2 1 0 38

O4 Gi 7 8 3 1 1 1 0 21

O3 Wa 6 11 4 3 0 24

03 0t 10 16 9 5 2 0 42

O3 Sp 14 11 5 0 30

O3 Ze 4 7 3 3 0 17

O3 Qu 6 5 0 11

O5 St 12 12 9 7 3 2 1 0 46

O2 8r 10 21 7 4 4 4 4 1 0 55
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Table D-4

ERRORS BY PASS : OFFICERS , 62 LIST , LLLL CODE

PASS

SUBJECT 1 2 3 4 5 6

O4 DS 4 7 0 11

O4 Pr 5 12 6 5 2 0 30

O4 Ke 1 0 1

O4 WB 5 3 1 0 9

04 R6 4 2 0 6

04 1H 7 7 0 14

O4 Mu 4 4 0 8

04 J6 6 5 3 1 3 0 18

O2 Bj 3 1 0 4

O3 Lo 4 3 1 0 8

O3 Re 3 1 2 0 6

O3 Mi 9 5 1 0 15

O4 NP 6 3 6 1 0 16
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Table 0-5

ERRORS BY PASS: OFFICERS , G3 LIST , LL# CODE

SUBJECT 1 2 3 4 5 6 7

O4 La 10 23 5 2 0 40

O4 St 17 16 3 0 36

O4 Pa 12 9 2 0 23

O4 Su 5 19 5 0 29

O4 Sl 11 15 0 26
O4 Be 13 6 0 19

O3 Mu 20 25 5 4 1 0 55

04 Br 18 35 13 11 11 2 0 90

O5 Ch 13 33 14 3 1 0 64
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Table 0-6

ERRORS BY PASS : OFFICERS , 63 LIST , LLLL CODE

PASS

SUBJECT 1 2 3 4 5 
_____

• O4 Al 6 4 0 10

O4 Ma 7 0 7
O3 Cu 7 1 0 8

O3 La 8 0 8

O 3 L e 5 0 5

O5 Su 8 6 4 3 0 21

O3 Yo 15 3 4 0 22

O3 Me 8 0 8
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